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The purpose of this thesis is to implement and test the
effectiveness of the Hough Algorithm. This algorithm is a
classic in image processing. It deals with the most basic
component of image processing, line detection. Line detection is
classified as one of the hardest problems in this area. A Pascal
program was written to be implemented on the VAX 11/780 to test
its effectiveness. The resulting data was analyzed graphically
to show how accurately the algorithm works.
Image processing, a relatively new branch of computer
science which deals with pictorial data, involves transforming,
encoding, transmitting, and analyzing images by computer. The
processing of pictorial data by a computer requires different
forms in a variety of applications. The three dominating areas
of concentration of pictorial processing are graphics, pictorial
recognition and image processing. Of these areas, image
processing is the only one that inputs and outputs a picture
which is further analyzed to obtain other vital information.
Image processing, an area of artificial intelligence,
usually involves a set of operators. A visual scene is encoded
by sensors and is then represented in a matrix of numbers, which
represents the intensity values of the pixels. These values are
processed by operators that search for primitive picture
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components such as line segments, curves, edges and corners. One
of the most important goals of image processing is to develop an
algorithm to produce an appropriate model for a specific object.
Our problem is to see if the Hough Algorithm can detect
lines in a picture. To accomplish this we will first store a
matrix representation of a picture into a file. The matrix will
consist of numbers or values. A value stored in this file
represents the light intensity of each pixel involved in the
image. We will interchangeably use the words pixel and point.
The picture is then examined at each pixel to see if it is part
of the image or the background. If a pixel is part of the image
it will be further processed. The point is next sampled for a
number of possible lines that could pass through it by satisfying
the formula c = -mx + y. To obtain the slope we first decide how
many lines we would like to sample for each point. The number of
lines is then used as the number of intervals for the slope,
with the slope being set between arbitrary limits. These values
are then used along with the point location to calculate the
possible lines. Each time a point is sampled the result is
stored in an accumulator matrix. The matrix will then contain
the number of points on a detected line. The matrix is then
searched for the larger values. These large values are graphed
to see how well the algorithm detected the lines in the picture.
The paper will discuss the steps leading to the solution of
the problem. The first step was to do research to understand the
subject. In doing this research, the background of the Hough
Algorithm was investigated, and other researchers' applications
of this alogrithin were also explored. The next step involved the
interpretation of the algorithm to be implemented in order to
gain a solid understanding of its logic. The third step was to
actually write the program, test its validity, and analyze the
output. Because the research was started with artificial
intelligence, the author chose to include a brief section on
this topic to show the correlation between artificial
intelligence and image processing.
IMPLEMENTATION AND TESTING OF HOUGH ALGORITHM
FOR LINE DETECTION IN IMAGE PROCESSING
Paul V. C. Hough is from Ann Arbor, Michigan. He was
assigned as representative to the United States Atomic Energy
Commission. He was granted a patent in December of 1962 for his
invention and algorithm. The patent is entitled "Method and
Means for Recognizing Complex Patterns."
His invention relates to the recognition of complex patterns
and a more direct approach for machine recognition of complex
lines in photographs or other pictorial representations.
"This invention is particularly adaptable to the
study of subatomic particle tracks passing through a
viewing field. As the objects to be studied in
modern physics become smaller, the problem of observing
these objects becomes increasingly more complex. One
of the more useful devices in observing charged parti
cles is the bubble chamber wherein the charged particles
created tracks along their path of travel composed
of small bubbles approximately 0.01 inch apart,
depending upon the specific ionization of the
initiating particle. These tracks form complex
patterns and are readily photographed with the use
of a dark background. With this device, multitudinous
photographs are produced with each photograph requiring
several hours study by a trained observer to recognize
the complex patterns of the tracks. It is therefore
readily apparent, that as the photographs increase in
number, the time consumed by a trained observer to
study them becomes excessive and, unless large numbers
of trained observers are used, the reduction of data
falls behind the production rate." 1
He felt there was a need for his invention and algorithm.
Hough stated that the objectives of his invention were:
1. To provide a method and means for the recognition
of complex patterns in an image; and
2, To provide an improved method and means for recog
nizing particle tracks in images that were obtained
from the bubble chamber.
The objectives of this invention were accomplished by
dividing the image representation into adequate small sectors so
that the complex pattern is divided into substantially straight
line segments. Each line segment detected is then transformed
into slope and intercept data which may be stored and later
analyzed for the presence of the desired object and other
pertinent information.
"A geometric construction by hand in shown in
Fig. 1 (see Figure 1) which depicts three straight
line segments 102,104, and 106 in a framelet 108
and their corresponding sketched plane transforms
102A, 104A, and 106A in picture 100. The geometry
of construction for the plane transforms is
accomplished according to the following rules.
1) For a given point on a line segment in
framelet 108, a line is drawn in the
transformed plane in picture 100.
2) Each line in the transformed plane is made
to have an intercept with the horizontal
midline 101 of the picture 100 equal to the
horizontal coordinate of its respective point
on the line segment in framelet 108.
It is an exact theorem that if a series of points
in a framelet lies on a straight line, the correspond
ing lines in the plane transform intersect at a point
which we shall designate as a know 112. It is therefore
readily apparent that the rectangular coordinates of the
knots 112 in picture 100 have the following properties:
1) The horizontal coordinates of the knots 112
equal the horizontal coordinates in the
framelet 108 at which the straight line
segments 102, 104, and 106 intercept the
horizontal midline 109 of the framelet 108.
2) The vertical coordinate of the knots 112,
relative to the horizontal midline 101 of the
picture 100, is proportional to the tangent
of the angle of the straight line segments
102, 103, and 106 relative to the vertical.
Thus, the coordinates of the knots 112 in
the plane transforms 102A, 104A, and 106A
in framlet 108." 2
Hough stated six claims in his patent. Each claim stated
that one could divide the image into smaller pieces and produce
line segments.
Researchers Usage of Hough Algorithm
Hough stated that his algorithm could be readily adaptable
for usage in such areas as handwriting analysis, radar displays
and map reading. This section will show how his algorithm has
been used by other researchers in computer science.
Many researchers in computer science have studied variations
of Hough's algorithm. D. H. Ballard used Hough's algorithm to
detect arbitrary shapes. Ballard and his colleagues show how the
boundaries of an arbitrary shape can be used to construct a
mapping betweens the image space and Hough transform space. This
type of mapping can be exploited to detect occurences of a
specific shape in an image.
Variations in the shape such as rotations, scale
changes or figure ground reversals corresponds to
straightforward transformations of this mapping.
However, the most remarkable property is such mappings
can be composed to build mappings for complex shapes
from the mappings of simpler component shapes. This
makes the generalized Hough transform a kind of univer
sal transform which can be used to find arbitrarily
complex shapes. 3
Ballard stated that the most important information about an
object is often contained in the shape of its boundary. Through
research they determined that only crude encoding of the
boundaries is necessary for object recognition, and the image may
be initially encoded as an edge. Another researcher termed this
edge image as the "primal sketch," and implied that this should
be the first step in image processing.
Operators that transform the image in this way are called
edge operators. Many of these operators are available and are
all based on different models of the local grey level change.
The generalized Hough Algorithm used edge information to
define a mapping from the origin of an edge point to a reference
point of the shapes. This reference point is considered to be
the local coordinate system for the shape. Then there is a
simple way of computing a means which rates how well points in
the image are likely to be origins of a particular shape.
A good feature of this transformation is that it works even when
there are gaps in the boundaries due to noise or occulusions.
This is not generally true for other methods of tracking edge
segments.
A clue to generalizing Hough's Algorithm to arbitrary shapes
is the use of directional information. This new dimension adds
speed and increases the accuracy of the algorithm.
H. Wechsler and K. S. Fu used a modified version of the
Hough Algorithm for rib boundary detection on chest X-rays. The
first step was to use an array accumulator procedure. This
locates the best parabolic segments which could find the lower
boundaries of rib contours. The only pixels counted by this
method are ones characterized by quadrant 3 as defined by the
edge detector.
The operator which is called the contour finder attempts
next to locate the peaks for the lower as well as the upper
boundaries of the dorsal contours. This task is completed by
looking for almost straight lines built of pixels in quadrants 3
and 2, and 1 and 4, respectively. A matching procedure is then
used to fit the lower parabolic segments detected earlier to the
peaks corresponding to the lower boundaries. This produces
elliptical curves. Thes curves are rough approximations for the
lower boundaries of the dorsal contours. The upper boundaries
are then determined based on the upper peaks and the lower
boundaries located below and above them.
The researchers remarked that a rough knowledge about the
object, in this case the lung boundary, is necessary in order not
to count spurious pixels in the accumulator array procedure. The
lung boundary allows the program to avoid looking for the peaks
in the wrong region. These characteristics, as well as top-down
approach, allow the rib contours to completely outline the
lung boundary.
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The flexibility of the Hough Algorithm was shown through a
brief discussion on several methods employing its usages. Its
flexibility is due largely to the fact that it can detect line,
curve, parabola, and ellipse. This is one reason why it has been
successfully used in a variety of areas. Some other usages
include the detection of human hemoglobin fingerprints, the
detection of tumors in chest films, and the detection of storage
tanks in aerial images.
National Aeronautics and Space Administration Influence
Because the National Aeronautics and Space Administration
has been a pioneer in image processing, their usage of this
method is vital to the history of image processing. NASA's
unmanned planetary science program was the most visible of the
users of computers to process image data. Digital computers have
been used by NASA for over twenty years to process images
returned from space. Digital techniques for processing imagery
have been a major factor in our successful exploration of the
solar system. These techniques have recently been adapted to
various earth based applications, ranging from monitoring of the
earth's natural and agricultural resources to biomedical tasks.
A large percentage of the public first because aware of the
use of computers for image processing during the earth unmanned
lunar and planetary exploration missions operated by the
National Aeronautics and Space Administration in the mid-1960's.
Hundreds of images of the lunar surface were returned from the
Ranger spacecraft. The Surveyor 7 spacecraft returned over
20,000 images from its landing site on the lunar surface.
The Mariner 4 spacecraft that was launched in 1964 returned
22 digital images of the planet Mars as it flew past it. This
was the first spacecraft that employed an all-digital imaging
system.
The spacecraft were later enhanced with more equipment to
return a larger number of images from space. In 1971, NASA
placed the Mariner 9 spacecraft in orbit around another planet.
This was the first time this was done. This extensive orbit
operational period yielded 7,000 images of Mars. Mars was the
first planet to be sketched completely from digital remotely
sensed imagery based on the image data secured from the Mariner 9
exhibition. NASA digital image processing activities are still
proceeding with ongoing advancements in image processing tech
nology.
NASA has also sponsored earth-orbit spacecraft that were
equipped with digital multispectral imaging system. The first
was the LANDSAT 1 on July 23, 1972.
A series of spacecraft specifically designed to assist in
the analysis of the weather has been in operation since the mid-
1970's. The GOES series, presently provides images that are
routinely used, to predict the weather, to analyze the weather
patterns, and to measure cloud motion. Today, NASA is still the
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leader in actively pursuing the research and application of image
processing as a "state of the art" technology that was born out
of artificial intelligence.
Interpretation of the Algorithm
Hough's Algorithm is a classic method in image processing
for detecting lines in an image. Lines are important because
they are integral parts of the structure that connects the
initial image data with the interpretive or processed data.
Many computer science researchers have used Hough's
Algorithm for line detection because it is not necessary to know
beforehand the specific location of a line in an image, it is
relatively unaffected by gaps in the image; it is very flexible,
and it is not heavily influenced by noise in the image. Noise is
the interference of other things that may exist in the image but
are outside the characteristics of the object you are looking for
in the image.
The detection of lines using Hough's Algorithm is based on
the hypothesis that although limited information is known about
the location of lines in an image, their shapes can be described
mathematically through the usage of a mathematical model
(formula).
Hough's Algorithm through some means of preprocessing,
selects points that are likely to be on the same line. A
mathematical operator (formula) is used to search each pixel for
the plausibility of a point on a specific line being at that
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location. The algorithm gathers the points that have the same
slope and y intercept and stores the number of times this
occurred during the processing in a work storage space called an
accumulator matrix. The resulting data in the accumulator matrix
reflects the number of points on the same line. This information
is obtained by searching the accumulator matrix for the higher
values. The higher the value is in the accumulator matrix, the
stronger is the possibility that a line passes through these
points. The possible lines are then evaluated to see how well
they explain the object of the search. One way of evaluating
the data is to graph the possible lines detected during the
process.
Two preprocessing decisions should be considered before
implementing Hough's method. First, the selection of the right
language to use to manipulate this type of data. Some
researchers have expressed the need for a new language to support
this type of processing. Pascal is a high level language which
has adequate data structures that lend themselves to this type of
processing. A file and arrays are used to store data obtained
during the processing of this algorithm. Second, one must
consider how to store and represent this image for computer
computation. The image is stored in a file as a digital image.
A digital image is a picture or image stored as a two-dimensional
matrix of numbers. The smallest component of a picture is
referred to as a pixel, an abbreviation for picture elements,
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sometimes also referred to as a point. For testing purposes, we
will only use the values of 0 and 1 to represent the image, where
0 represents no light and 1 represents light. Simply, these
values denote whether at a given location the pixel is on or off.
Since the picture is stored in a two-dimensional matrix, one
needs two indices to access information about a given point. This
information is necessary to determine what pixel will possibly
contain data related to the object we are looking for during our
processing. Variables should be named locigally, therefore,
since we are dealing with the Cartesian plane, x and y will
represent a certain point. If the value of a certain point is
greater than the threshold, the point is further processed.
We will consider the selection of the threshold as our first
processing step. The threshold is a value arbitrarily selected
to examine the brightness value of each pixel. The threshold is
used to do the first search of the image. It determines by a
comparision of its value to the value located at a specific x,y
whether this particular point or pixel is part of the object or
part of the background. This is the first search and one of the
simplest means of segmenting the image. Segmenting is a means of
examining a small piece of an image.
The threshold is set to a constant in the beginning of this
implementation. It is not always advisable to set the threshold
in advance because the level of brightness may vary within an
image. It was set low to yield more possible lines. This is
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because a smaller threshold value will probably yield a larger
number of pixels to examine. Therefore, increasing the number of
lines detected. The location of these pixels which pass the
first search in further processed.
The next step is to decide what mathematical operator to
use. This depends on the mathematical shape you are looking for
in the image. We will use c = -mx + y because this formula
describes a line.
The next task is to determine the size of the accumulator
matrix and the indices. The algorithm uses this area to count
the occurrences of a given m produced by a specific c, so c, m
will be the indices that will be used to access a value in the
accumulator matrix. Therefore, these two variables must be
restricted. This is done to determine the dimensions of the
accumulator matrix. The accumulator matrix creates a viewing
field and its size influences the number of lines detected.
M represents the slope of a line. The range of the slope in
fluences the result in the accumulator array. The slope confines
a value to a general location. Sometimes if the slope limit is
too large it will scatter the possibility of a line over a large
area, and if it is too small it will over-define the lines in the
image. The number of m values one will calculate is used as one
of the indices into the accumulator matrix. The intervals one
selects should be equally spaced with the limits set for the
slope. To accomplish this task, take the two endpoints of m and
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divide by the desired number of intervals. The value for each
interval is then calculated and stored in an array for easy
accessibility. A mapping is done to associate an integer with a
real value that is acquired during the previous computation.
The c represents the y intercept. The value of c,
therefore, must be restricted within the limits of the image.
The number of intervals on m and the number of cs we wish to
calculate define the dimensions of the accumulator matrix.
Indices cannot be negative and cannot be real numbers so the
values of c and m must be mapped to an integer representation of
these values.
The next step is to calculate the c values. These values
are also bounded by the image. This step calculates the possible
lines that can exist through a given point. We select
arbitrarily the number of c values we are going to calculate to
see if they produce a line in an image. All c values calculated
outside the limit will not be considered. The calculation of the
c value produces a real value and this value, therefore, must be
mapped to an integer. This is called quantization. As a result
of these mappings we now have the indices into the accumulator
matrix.
The accumulator matrix is inititalized to zero before usage.
This is done to assure the accuracy of the information obtained
through the processing. For every x and y (point) which contains
values greater than the threshold, and for e\/ery value in the m
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array, a c is calculated. Only those c values with the limit
preset are used as indices. The m and c combination is used to
access a specific location in the accumulator matrix and add 1 to
that 1coation.
A value is then selected to conduct the next search. This
value is selected intuitively. We will call this value Maxvalue.
The Maxvalue is compared to each value in the accumulator matrix.
If the value in the accumulator matrix is greater than or equal
to Maxvalue, we have a possible line. To analyze this data we
take the m and c value combinations that produce these possible
lines and graph this information.
Formal Statement of Hough's Algorithm
The formal statement of Hough's Algorithm is stated below:
1) Quantize parameter space between appropriate maximum
and minimum values for c and m.
2) Form an accumulator array A(c,m) where elements are
initially zero.
3) For each point (x,y) in an image such that the strength
of the point exceeds some thresholds, increment all
points in the accumulator array along the appropriate
line, i.e.,
A(c,m):=A(c,m) +1
for m and c satisfying c = -mx + y within the limits of
digitalization.
4) Local maxima in the accumulator array now corresponding
to collinear points in the image array. The values of
the accumulator array provide a measure of the number
of points on the lines.
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Implementation, Data Structures, and Examples
The approach used to implement the algorithm included esta
blishing variables and following certain procedures. An explana
tion of these variables and procedures follows, together with
examples of the steps described above and of the resulting
output.
Explanation of Variables and Procedures
This section explains the main variables and procedures used
to implement the Hough Algorithm for line detection.
These are the main variables used and their functions.
CONST This method was selected to provide more flexibi
lity in implementation of this testing program.
This is the part of the program which allows some
interaction with the user.
THRESHOLD This variable is a set value used to examine the
brightness of each pixel. The pixel is further
sampled if it meets the threshold test. This is
one of the simplest means of segmenting the image.
ROWX This is the variable used as index into the
picture matrix. It represents the x-axis of the
Cartesian plane.
COLY This is the other index into the picture matrix.
It represents the y-axis of the Cartesian plane.
MNUM This variable tells the number of intervals that
will be examined between the the slope limits.
MMAX This is the variable used to set the restraint on
the upper boundary of the slope. The slope must
be restricted.
MMIN This variable is the lower boundary of the slope
restriction.
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CMNUM This variable denotes the number of c values that
will be calculated during execution. It
represents the number of lines that could possibly
go through a given point.
CMIN This variable is used to set the lower boundary of
the c value that is calculated during the run.
CMAX This is the upper boundary set to restrict the c
value within the limit of digitalization.
MAXVALUE This variable is used to set the search limit
during the final search of the accumulator matrix
to obtain all possible lines.
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The picture to be examined during the
implementation is in this file.
This matrix holds the image that is to be examined
during the execution of the program. The indices
for this matrix are the variables x and y.
This is the accumulator matrix that uses the mag
and the result from the con calculation as
indices. Each time the same or close to the same
line is found, this matrix is incremented in the
appropriate place.
MAG This array holds the interval that is used along
with the corresponding x,y to calculate the con
value.




X,Y are used as indices into the picture matrix to
examine the pixel for the threshold test and to
calculate the con value to obtain possible lines.
I,K are used as loop control variables as well as
indices into the different matrices.
IC is used as a an index into the accumulator
matrix. Pascal does not allow the use of a real
number as an index, so a mapping routine is
established to change this value to an integer.
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These are the procedures used to implement the algorithm.
PROCEDURE INIT
This procedure is used to clear the work space for
the accumulator matrix which holds the intensity
value of a given line.
PROCEDURE PIREAD
This procedure reads the picture from a file and
stores the values into a matrix.
PROCEDURE SEGMENT
This procedure determines the spacing between each
interval and the slope values used to calculate
the con values. This procedure requires a mapping
of integers into reals.
PROCEDURE POINT
This procedure calculates the values for con and
then increments the accumulator matrix along the
appropriate line. This is the most important
procedure in this testing program. It calculates
the con values and the index values that are used
to increment the Amtrx[m,c] matrix. This proce
dure achieves quantization through a mapping
routine that associates a real with an integer.
The result is stored in the variable IC.
PROCEDURE PRINTAM
This procedure prints out the accumulator matrix
after processing the image for the possible lines.
PROCEDURE FSEARCH
This procedure does the first search for the
highest value in Amtrx matrix (accumulator
matrix).
PROCEDURE SCAN
This is a recursive procedure which obtains all
values in the Amtrx[m,c] that are higher than or
equal to the maxvalue.
PROCEDURE SIGNAL
This procedure goes from the highest value down to
the constant that was set in the declaration




This is the original picture.










This is the digitalized representation of the image. This
is how the image was stored in the picture file for computer
processing.
0 0 110 10 0 10
0 0 110 0 0 0 10
0 0 110 10 0 10
10 110 0 0 0 10
10 0 10 10 0 10
10 110 0 0 0 10
10 110 10 0 10
10 0 10 0 0 0 10
10 110 10 0 10
0001000010
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0 0 110 10 0 10
These are the largest values in Amtrx[K,I] along with their










































The lines graphed are the reversal of those represented in
the digitalized image.
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The following is an example of the implementation using a
diagonal picture.
This is the original picture.
1000000001
0100000010








This is a digitalized representation of the image as stored












The accumulator matrix now holds the values of the intensity
of the occurrence of the same m and c. The higher values could
possibly be lines.
110 10 10 19 2
110 10 13 4 4 1
110 12 2 3 3 2 2




4 2 2 3 2 2 1 10 1
4 3 3 2 2 10 10 1
5 4 3 10 10 10 1
11 1 0 1 0 1 0 1 0 1


















This is the graphical representation of the lines detected




In using the Hough Algorithm, the dimensions of the accumu
lator matrix influence the resulting data. For example, a
comparision of the images on a 13 inch and on a 44 inch televi
sion set shows that the image on the smaller set is not as fuzzy
as the one on the 44 inch set. The image is much more crisp on
the smaller set. The accumulator matrix operates in the same
manner. The size influences the preciseness of the lines
detected.
Secondly, if the data in the accumulator array is not
correct, the operations should be checked. This is done by
inserting write statements to track the data during processing.
This is an efficient means of debugging. The main focus should
be on how the computer is viewing the image. If the picture is
being reversed in handling, it is best to input the original
picture in reverse.
Relationship of Artificial Intelligence and Image Processing
It is debated among the researchers in computer science
whether artificial intelligence is separated from image
processing or whether image processing is a part of artificial
intelligence. This section will give a general description of
artificial intelligence and the similarities between artificial
intelligence and image processing.
Artificial intelligence (AI), is the branch of
computer science that deals with ways of representing
knowledge using symbols rather than numbers and with
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rules-of-thumb or heuristic methods for processing
information. The major goal of AI is to understand
intelligence—loosely, the process that humans and
other animals use to learn, solve problems, and under
stand language—by constructing or programming machines
that behave intelligently. 4
Artificial intelligence generally substitutes exploratory
search methods for precise, straightforward algorithmic
approaches. The problems that artificial intelligence deals with
are extremely difficult. Because artificial intelligence is a
purely experimental component of computer science, one does not
know in advance from a description of the problem alone, exactly
what the best approach is to solving a problem. One encounters
this same difficulty in image processing. Like image processing,
AI researchers studied how one should represent and search the
data. The method one selects to represent the description of the
objects, their properties, and the relationships between them
greatly influences the efficiency of the problem-solving and the
quality of the solution.
Another similarity between AI and image processing is that
both rely heavily on search methods to solve related problems.
One of the main disadvantages of some search methods is that the
number of possible solutions grow exponentially with the increase
of the size of the problem.
Image processing can involve a mathematical model unlike AI
that deals basically with symbols.
AI deals with heuristic methods. Heuristic methods are
rules that in the human sense could be based on judgment or
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experiences or even intuition. This method frequently leads to a
workable solution or increases the efficiency of a problem
solving procedure. Heuristic methods do not guarantee a
solution, but only increase the chance of finding a plausible
solution. Image processing, on the other hand, uses algorithmic
approaches which usually guarantee a solution.
Likewise, image processing uses a form of heuristic, "fuzzy
mathematics." "Fuzzy mathematics" is different from conventional
mathematics. It allows for multiple possibilities rather than
dealing with preciseness. Artificial intelligence is the tree
and image processing is a branch of the tree.
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CONCLUSION
The human eye has an enormous capacity for efficiently
and effectively transferring complex information. Visual
perception has bewildered the psychology and philosophy
researchers for years and now over the last two decades computer
researchers have also become increasingly interested in how one
sees.
Image processing affects the lives of a large percentage of
our population. Almost every area of science is employing some
aspects of digital image processing. Biomedicine, astronomy,
geology, agriculture, forestry, weather and climate analysis, and
medicine are just a few of the applications areas actively using
digital image processing to perform major tasks.
Image processing may be one of the new interests in computer
science, but it has a large support system. One of the major
outgrowths of this surge of interest has been a rapid growth of
new technology. New computers, such as the digital image
processing systems, have been developed to handle image
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* This program was written as a partial requirement for completion of the *
* Master of Computer Science Program. *
* This program uses various image processing techniques to implement *
* the Hough algorithm for line detection in image processing. *
***************************************************************************
PROGRAM FDLINE(INPUT,OUTPUT,PIC1);
CONST {This method was selected to provide more flexiblity in
implementation of this testing program. This is the part
of the program that allows some interaction with
the user.}
THRESHOLD =0; {This is a set value to examine the brightness
of each pixel. The pixel is further sampled if it
meets the threshold test. This is one of the simplest
means of segmenting the image.}
ROWX = 9; {This is the variable used as index into the
picture matrix.}
COLY =9; {This is the other index into the picture matrix.}
MNUM =11; {This is value tell you the number of interval each
pixel will be examined.}
MMAX=1; {This is the variable used to set the
restraint on the upper boundary of the slope.
The slope has to be restricted.}
MMIN=-1; {This is the lower boundary of the slope restriction.}
CMNUM=10; {This is the number of c values that
will be calculated during execution. }
CMIN=0; {This variable is used to set the lower boundary of
of the c value that is calculated during the run.}
CMAX=10; {This is the upper boundary set to restrict the c value.}
MAXVALUE =6; {This variable is used to set the search limit during
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the final search to obtain all possible lines.}
TYPE
USEM=ARRAY[O..MNUM] OF REAL;
{This is the array for the m-values.}
USEPI=ARRAY[0..ROWX,0..COLY] OF INTEGER;
{This matrix holds the picture.}
USEA =ARRAY[O..MNUM,O..CNUM] OF INTEGER;
{This is the accumulator matrix whose purpose is to hold
the number of times a point is found to be located on
a given line.(If a m value produces the same c value this






{The picture to be examined is in this file.}
{This matrix holds the image that is to be examined
during the execution of the program. The indice
for this matrix are the variables x and y.}
{This is the accumulator matrix that using
the mag and the result from the con calculation
as indices. Each time the same or close to the
same line is found this matrix is incremented
along the appropriated place.}
{This array holds the interval that Is used along
with the corresponding x,y to calculate
the con value.}
X, Y,I,K,IC,HIGH:INTEGER;
{X,Y are used as indices into the picture matrix
to examine the pixel for the threshold test and
to calculate the con value to obtain possible
lines.}
{I,K are used as loop control variables as
well as indices into the different matrice.
IC is used as an index into the accumulator matrix.
Pascal doesnot allow one to use real number as
indices so a mapping routine is established to change




{This procedure is used to clear the work space for
accumulator matrix which holds the intensity value
of a given line.}
BEGIN
FOR K:=0 TO MNUM-1 DO
BEGIN









{This procedure reads the picture from a file and
store the value into this matrix.}
BEGIN
FOR I:=0 TO ROWX DO
BEGIN










{This procedure determines the slope values to calculate
the con.
This procedure require a mapping of integers into reals.}
BEGIN
D:=(MMAX-MMIN)/(MNUM );{space}








{This procedure calculates values for con and then
increments the accumulator matrix along that appropritate
line. This is the most important procedure in this testing
program. It calclates the con value and the index value
that is used to increment the amtrx[m,c] matrix.
This procedure achieves quantization through a mapping
routine that map the real into integer.}
VAR K,IC : INTEGER;
CON:REAL;
BEGIN















{This procedure prints outthe accumulator matrix
after processing the mag and the con values.}
BEGIN
FOR K:=0 TO MNUM-1 DO
BEGIN










{This procedure does the first search for the highest





FOR K:=0 TO MNUM-1 DO
FOR I:=0 TO CNUM -1 DO




WRITELN('This is the largest value in AmtrxfK,I]');
END;{FSEARCH}
PROCEDURE SCAN(LEV:INTEGER);
{This is a recursive procedure that obtains than
all value in the amtrx[m,c] that are higher or
equal to the maxvalue.}
VAR R:REAL;
BEGIN
FOR K:=0 TO MNUM-1 DO
FOR I:=0 TO CNUM - 1 DO




END; {IF AND LOOP}
END;{SCAN}
PROCEDURE SCANALL(HIGHLEV:INTEGER);
{This procedure goes from the highest
value down to the constant that was set
in the declaration listing.}
VAR L:INTEGER;
BEGIN












FOR X:=0 TO ROWX DO











This output represents the processing of 2 vertical lines which were
input in the reverse order for the computer implementation of such an
image. The computer reverses the handling of x and y.















































































































The digitalized representation of the image.
0100001000
0100001000








0 0 0 0 1
0 0 0 0 1






10 0 0 0
10 0 0 0




The m values are restricted between -10 <
now contain the following values.
m < 10. The Mag array
-9.09-7.27-5.45-3.64-1.82 0.00 1.82 3.64 5.45 7.27 9.09















































































































These are the largest value in Amtrx[K,I] along with their corresponding
















*Note:Statements are not part of the output.
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This is the output for diagonal line.















































































































The digital representation of the image for computer computation.
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 1
1 0
0 0 0 10 0
0 0 10 0 0
0 10 0 0 0
10 0 0 0 0




0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
The values that are stored in the Mag array for the calcluation of the c
values. The limit of m is -1 < m < 1.
-0.91-0.73-0.55-0.36-0.18 0.00 0.18 0.36 0.55 0.73 0.91
43
The accumulator matrix after processing the occurrence of the





























































































































This is the output of rectangle with a straight line on the
top,middle and bottom of the figure. The output demonstrates the
number of lines detects when the m values are restricted to -10 < m < 10.
Note that the output shows only 2 lines detected.






































































































The digitalized representation of the image.The image is being intrepretted











These are the values stored in the Mag array.The values range between
-10 < M < 10 on 11 intervals.
-9.09-7.27-5.45-3.64-1.82 0.00 1.82 3.64 5.45 7.27 9.09
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The accumulator matrix after processing. Note that
we only have 2 lines represented. These lines are the 2 hortizontial lines








































































































These are the 2 largest value in AmtrxfK,I],the accumulator matrix.










This is the output of the same image discussed on the previously pages( ).
The limit of the M were changed to -1 < M < 1. This enable the algorithm
to detected more lines but it also increased the noise level of the image
therefore producing more lines than were actually represented.


























































































































The values listed below are stored in the Mag array.
-0.91-0.73-0.55-0.36-0.18 0.00 0.18 0.36 0.55 0.73 0.91































































These are the largest value in Amtrx[K,I] which are the first colunm of
number. The next two values are indices into Amtrx which are used to locate
the large value. The next 2 values are the m and c respectively. This output
that was acquired during the run demonstrated how changing the limit of M
influecing the number of line detected.
High value
12
10
9
7
7
6
6
6
6
6
6
6
K
0
9
0
9
0
0
1
7
8
0
0
0
I
5
5
6
4
7
4
4
6
6
8
9
10
Mag[I]
0.00
0.00
0.18
-0.18
0.36
-0.18
-0.18
0.18
0.18
0.55
0.73
0.91
C
0.50
9.50
0.50
9.50
0.50
0.50
1.50
7.50
8.50
0.50
0.50
0.50
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